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The effects of isokinetic exercise with acute blood flow restriction

on isometric quadriceps strength, muscle fatigue,

and muscle contraction displacement

Eonho Kim, Bogeun Lee, Sunhye Kim, Keehyun Kim, & Kwangkyu Lee*

Korea Institute of Sport Science

[Purpose] The purpose of this manuscript was to investigate the effect of high and low speed blood
flow restriction versus non-blood flow restriction isokinetic exercise on isometric muscle strength, muscle
fatigue, and muscle contraction displacement. [Methods] The subjects were consisted of ten males
without non-specific muscular skeletal disease. They were classified into four training groups: @D high
speed(300°/s) without blood flow restriction, @ high speed(300°/s) under blood flow restriction, 3 low
speed(90°/s) without blood flow restriction, @ low speed(90°/s) under blood flow restriction. Before and

after the intervention, all of the subjects underwent measurements of isometric quadriceps strength,

muscle fatigue, and muscle contraction displacement. [Results] In regard to isometric quadriceps strength

before & after intervention, there was no significant difference between groups. For the lactic acid

measurement before & after intervention, there was a signigicant difference between groups(p<.05). Also,

there was a significant difference between groups(p<.05) in muscle contraction displacement in terms of

Dm but there was no significant difference between groups in terms of Tc [Conclusions] Isokinetic

exercise with blood flow restriction had effects on lactic acid and muscle contraction displacement.
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1976 Tan, 1999). o]2fgt o|F= AR M= 1=
A FAE ABs o], AFES 4S54 92
g AvalA B HED T2 AL daE g
so] 5o 2449 Wel Wy n AT L 7|98
A S Aed B AN fEel AekBind,
2013). o2 #4AQ ENE AP AN 35
Bl A5 2 2AE Fosh $AE FesAT ¥
A4S Hasehn FA AYS PPN 4 Ak E

I (Cuff) & &83to] dRE AT T 55 AAISH

% (Blood Flow Restriction Training:
BERT) ©]&eo] HZFE 1 JHCook et al., 2017:
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al., 2015). @FAFEAL dEA 1970l 71&
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™ (Takano et al., 2005), < H|th 2 22| 7}l &
P Aoz thre] AFelA AAlst 3itH(Dankel
et al., 2017; Dankel et al., 2016; Abe et al., 2005;
Beekley et al., 2005; Takarada et al., 2002). =
AN & ko] A7t A 3 Sl sk R/ A g
= A8 $ 20 AY] S5 AAS AR gE 22
2ol 1.4~2% <71 A Z Yes o™ (Jeon et al.,
2009), Kim & Sin(2017)9] AdAE 1253t 544
YFA G T 1RM 30% =& A3 AL 483 A3
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Al A A d2k(lactic acid)@
o] &(H")e] H=3HA %4 oFEY 4L 9
g 771 des A8atA Eh(Sato et al.,
2005; Jeon et al., 2009). o]d & 5 5
H7t oz ol gt HH dAl &5 T E 292
TE 438 F A Ao 84 ~ =
oldl &% H7IE 3l % (Electromyography:
o ALY S E ) 9 THY,
oF gl Agh el Ao B T2 st
o] 1 857t wolA i vk(Ma, 2009). 12 BE &
dx 9 o5 A FAE HAsls 2 sAo] 4
Al o] FolA A B S @AelA WE FEE AT F
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oA 5 W1 Jth(Garcia-Manso et al.,
2012). TMG= 9gAlolA thEA 7 5t5(Neamtu et
al., 2014) 2 <7 (Alentorn-Geli et al., 2015)<
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Table 1. Characteristics of subjects (Mean + SD)

Age Weight Height  %BW SMM
(years)  (kg)  (cm) (7o) (kg)

Male 30 7757 17854 2029 34.99
(0=10) 42.7080 +8.9543 +£5.9995 +2.4329 +3.4565

%BW: percent body fat: SMM: skeletal muscle mass

e ddeR 4%
= zpole] A3 AR-A
T2 HA3IG ). Batterham & Atkinson(2005)= 4
A7 xToR Y AFEg B33 (repeated
measures) A7 E= WAATF (cross-over designs)7}
FAH AsEol ¥ gon, 53 F a5 W=
ot t-test® WA st SHESY AF= Fo| 5Y o
3L W 90% ¢l TAA AT & Hlvka Hust
ol ¥ ATl E A
OH 47}?(] Feo TS ARRAS T AL
o, 28 P2 e 2a 1) ¥ dRAS
A EE(300%s) 2F. 2) BRAT 1% T5
(300%/s) 3. 3) ] SFAG A% 54 F(90°/s)
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a5 4) ERAE AL 58 5(90°/s) 2

12 B Al A SdM e AT S dAleH
on, 15U H4E Fol T 45 B¢ A4S I
o A 9] AelA e gake wiAlskr] flel A A
243 Bt A AA S, dae 3 7 A o
T2 G F APE AFPasT. AR AR by A
Bel 2k A Flslr] Hel A AAsia &
T35 WS doti7] g8 TMG 345 AAlskit 2
g9 ¥gke 554 54 AHE ) oA AAE A

&2 g%t A
—rZ—}H ilx} 01/5‘ (randormzed Cross-over
olF FHA 29,
w7 Sl AFEHALE
1_53'6}‘}5\‘4. XW]??} %"—r”é_?}% (Table 2)¢} 2t

7 Wolx|

Table 2. Schematic diagram of study process

PRE Lactate ™G Isometric test

Randomized cross-over
* N_BFR + Isokinetic exercise(300°/s)
Intervention  « BFR + Isokinetic exercise(300°/s)

* N_BFR + Isokinetic exercise(90%/s)
* BFR + Isokinetic exercise(90°/s)

Set, Reps 3set * 10 reps
Rest 30 sec
POST Lactate ™G Isometric test
PRE: pre exercise; POST: post exercise; N BFR: non
blood flow restriction: BFR: blood flow
restriction: TMG: tensiomyography
53 2 ¥ ZAET
AlH7
oA A 2 A AR RS B8] Sl
Inbody 770, Biospace co., KoreaZ ©o|&35}9ioH, 1
At Foll 228 AgEa A S AAT $ 19
@ Hgor A3 uyd Wz gein 4P E A
g5 A5 EffolE FEolM 15° Fe dom W 4
e = A 5}04 242 Agatsion AF, AL, 2

% 59 AARE APl

Tensiomyography (TMG)
TMG(tmg-s1, TMG-BMC Ltd., Slovenia)© & ¥
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%54, 75 55, 2= 2 29RRE 24T 5
S A 2A, ol % 2x2 He Bofola] A7 B4
of 2t &85 3 Yoh(Kim et al., 2015). TMG= &
A 9 43l 2l gl golsn] 2H29 £554
S 23] HRe] Be Aokl BEE} Z71e)
T G FACI B AP AHET TMG AL S
(Fig. D3 2ot
LSS ’
. .
\ - L\ _~
e o THMG S\ensor ..‘
Userinterface
Electrical
stimulatar
Fig. 1. Procedure of TMG

24 S Hol B F& R AAsH, I8
o] #d 72tz B =5 FEO| ARG A5t
A ke #elel F A 4714 e Rt w4
AFE B 259 BF9A 99 FEab)
gt olnf 259 e 4 (sensor)©] A8k
bRt 2459 Ang adzz AN st
TMGeA AAsta Qe Aoge g O 714 A=

of o zefxzrt AlZE = A A ) Eol7kA] o]
3= =] Maximal Displacement(Dm), @ A=
o 9s] Hx AlZEE A-AA Hd Eol|7HA9 0%
AMFE 10%7H4] 285+ A7 delay time(Td),
@ 10~90%7HA FZst=d dle A1z contrac-
tion time(Te), @ F& A 2229 50% A5 <] A%
7} Eo] ¥&= A AR sustain time(Ts), ® 2
g zo] ol AlFEE 90% AFANMFH 50%7HA
Tesle A7 half-relaxation time(Tr)7HA] & 57}
2] W98 & 4 glom (Carrasco et al., 2011;
Tous-Fajardo et al., 2010), 2= 28 (Fig. 2)
9} Zt}. Valenci & Knez(1997)9] Aol A =547t
(Te)e] A717F BAAAY FolAle A& A2A
(type D &4 fr(type 1) 593 #-do] e
o2 Hudta glon, &2 5 (type DY FHo]
oAHA F /‘]7}(Tc)9] Zol7p oAl HriwH
(Dm)& YoA 1 259 A ey 21457} Aty B

o, §H M. Ho

2 o (Pisot et al.,2008). Add Tl A=
ﬁ?ﬁ? | gk ¥1e 2 Dmo] 7 4l ibj} =
2 A8k 9lom (Krizaj et al., 2008), &
Dme 714 A5 o3 ZAEE Hrlet=t) ?
Aggro 2 AAIE L ot (Pisot et al., 2008). T
o 25 SEd IE 24 dH ¢ 2= ﬁéﬂ%
At Fagh WMo AAE I lo] (Hunter et al.,
2012; Pisot et al., 2008), ¥ A= APAT9}
Y 245 g wskE AnEy] HaE FHAIE

(Te)3} Ao (Dm) 2 ST,

ol ¢

l"O

E Tc k Tr
-
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8 Td
) D
a
w ¥
o ,
Time(ms)

Fig. 2. Graphical Model of TMG

=54 (Isokinetic) ¥ S84 (Isometric) &8

B Ao 544 (isokinetic) &8 +53 S4A
(isometric) <8 HAE 18] HUMAC NORM(CSMLI,
USA)= A3ttt
g 52 A #E AxdA A ks
3 o Fafo] mE 259 Azt
Ast7]o 7 A e SHWHOE A H
1 1t (Hislop & Perrine, 1967: Moffroid et al.,

1968). 1B 2 & AT e APAFA A8t
Re BEALE o 300%s) 2 AL (A= = 90°/5)
o FEREE At 54 A 25 AAEH
(Sakuraba & Ishikawa, 2009). MEZF F2AI7H
Bottaro et al. (2005)¢] 74 AAlst e 30%

ErEriey

g &FAIHBlood Flow Restriction)

HATE A7) IS A= b 24 HESL AA
7F 2YE o] 7}53 g HAIgE Y] (kaatsu master,
Kaatsu Global., USA)E °]&35ith.

Takarada et al.(2000)9] A4+ 220mmHg
o2 FRAG FTHZ AN W 4% g &

- =2
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hormone: GH)¢] Z712 Qlgt 28 9 ZH|ie] S/t SAl el
710 4 A& Ao Basta i wehi] £ 9 4% BE WA5] 32 SPSS PC+ for Windows
A GRAIG -7 2kole] ERE Es] Hal RA (version 23.0) B4 TS o] &alo] P} FF
3k e 220mmHg= A48kt HAE AT, 4 B (R )3 AP-AF-(A]17])
GFAG] g HEE o429 drigm ol Juad el 2ol 52 two-way repeated measure ANOVA
Atoldl Z-g-sto] fhutsigich. & &5 AAlE] A & £ At Gretion EAZ oo HdoAg,
9 UES 2447 RAD BB AT AL F A FEI EE ADAADL D B 2 AT F G4
ES AAG oF 1683t F45 A F oAl 4y HE 7o) abol= 4 t-1F (paired t-test) & AH&-3FTE.
2 gl FuEY B LS AAST @54 AFAPe duagS B Adsar. A4 g
gt g ol A Foizte] FEE AEH o ® Elsiglon, FoE p( 062 AYsA
AARZO|Y o F FAE BY A% FA 3 F F4
< FsHA st AAlsisith
A+2s
HatAAL(blood lactate test)
R Aol | TR AAREN L AAFED  py o
H4 542 Qobny] 918 49 A-F YA 44 2
THE ¢ZHCE 4% F Finger-tip 2 o2 134 FRAGFY F- 5ol 2ol & T &3 A& FH S
vheg o g3lo] 30u1 AATT Y BHEAT e NS 2 MR (Table 3)3} 2o} % 4759 1)
$ ZAEAZ](EKF, BIOSEN C-Line, Germany)s 1 AN E BAHCRE frofe A7F YeRtA] sttt
Table 3. Changes in Isometric strength, Tc, Dm & Lactate (Mean£SD)
Comparison group
Factor Group Pre Post d N_BFR 300°s BFR 300°s N BFR 90°s  BFR 90°%s
f p f )4 f p f )4
N_BFR 300°/s  289.1+62.82 289.7+41.21 1 080 784 899 368 319 .586
Isometric BFR 300°%s 32065041  317.3£56.06 1 339 099 245 633
strength N BFR 90°/s  298.3+43.53 268.2+43.56 1 220 .650
BFR 90°/s 323.5+88.81 307.8463.87 1
N BFR 300°s  31.02+6.52 30.57+6.77 1 1.627 234 1.078 326 407 .539
Te BFR 300°/s 32.33+6.69 29.73+5.54 1 102 757 1.277 288
N _BFR 90°/s  31.88+6.57 28.64+5.25 1 991 .803
BFR 90°/s 31.0945.37 29.96+5.51 1
N BFR 300%s  7.64+2.84 8.68+2.18 1 6.685 029" 14972 .004" 29.495 .000”
Dm BFR 300°/s 8.17+1.65 7.51x2.02 1 .083 .780 3.156 .109*
N_BFR 90°/s 7.94+2.26 7.45+2.06 1 5423 .045
BFR 90°/s 8.37+1.78 6.80+1.52 1
N _BFR 300°/s 1.41+.35 4.01+1.72 1 6469 032" 168 .692 9.049 .015"
Lactate BFR 300°/s 1.53+£.27 5.07+.55 1 938 358  5.611 .042:
N _BFR 90°/s 1.45+.39 4.38+£2.00 1 6.422 .032
BFR 90°/s 1.74+.35 6.22+1.09 1

p: group X time: df' degree of freedom: M: mean: SD: standard deviation: N_BFR: non blood flow restriction: BFR:

blood flow restriction: 2{.05. ~p¢.001
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275 dAHTMG)

Tc(contraction time)2| i3}

GFA T f-Fofl w2 n&3) Ao FTHAA 2
2= (TMG) 5702l ®ol 5 Tc(contraction time)2l
3t (Table 3)9F 2t} F 4159 vl Al e
TAACE frogk AtolE YERA &t

Dm(displacement)2| Bis}

FATY f-Foll e n&T} A& TN 2
28 (TMG) 571¢] ¥l = Dm(displacement)2] ¥ 3}
AAM 2F 1% 2§ 2, 2% 3% 1% 4, 2F 1% 1%
3, 2% 13 25 4olA AR 2 93 2o & e}
Wtk AR P A ] Wgle o) (Fig 3)3 2.

GFAGY fr-frof] M2 15T A& FeA] 2
A #AE HREE Ielshe ARRE ARSI 2

W3l 18 13 2§ 2, 2F 3% 1§ 4, 28
29} 28 4, 28 13 2% 494 AR R §93 2}
o] Yetlth AR ALo] WskE (Fig 4)9 2ot

.E- B pre
= 4 F O post
2
8]
BFR_300°/s
. #
[ R
10 | |
8 ]
: N
'E- § pre
- 4 % O post
2 X
0 S
N_BFR_300°/s N_BFR_90°/s
Dm

N
[0
fru
_0|L
£
(fr
o,
i
2
=
_0|L
=
)
o
W

2 AFdres RAS A3 544 28S 34
st} Ao w2 gIE AAstuA} g on, S4 2
B 405 BF 25 2 SAA fAaE A @k
T} Kubo et al.(2006)9] AT e FATHEA

o

(IRM 20%)% A%A49 A4 FA(IRM 80%)
127 F 33) A% & 584 &

A3t 7L e A oE YEyton & HAgdT
oAM= F 39, 65, IRM 20% 4= /RAFIE
7 1RM 80% 7= AFAQ0 A £ 1FNA
T 28 ol YERsitH(Karabulut et al., 2010).
g2 AgAFiz 4=l d7AZ G Fo w2 2}
o] & Bl Al A=Y ERAG 154 BAA o
27F Ve 1 g 84 dl thell AlA Sk A1 eH(Yasuda

10 ¢ |
8
— 6
E = pre
E 4
O post
2
o
N_BFR_300°%/s
10 I
8
— B
E Bpre
a O post
2
o]

N_BFR_90°/s
Dm

BFR_90%/s

Fig. 3. Changes in displacement(Dm)
N _BFR: non blood flow restriction; BFR: blood flow restriction;
"p<.05, "'p<.001; #: comparison between groups; “p<.05, #p<.001
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# i # N
] i 1
.. L L.
6 [ 1 8 1
ane =
5 I 1 e ans
e =5 _
E 3 Spre ga Spre
£ 2 Opest Es Opost
2
1 1
'E N N LN N
N_BFR 300°/s BFR 300°/s N_BFR_300°/s BFR_90°/s
Lactate Lactate
"
H _ —|
| ) L1 1]
8 |_ ok | 8 |_ |
7 [T 7
6 1 & L
=5 —
E a Cpre g : O pre
_E. 3 Opost .E. El O post
2 2
3 BN\ N ! N
o AN
BFR_300%/s BFR_90°/s N_BFR_90%/5 BFR_90°%/s
Lactate Lactate

Fig. 4. Changes in lactate
N _BFR: non blood flow restriction; BFR: blood flow restriction;
"p<.05, "'p<.001; * comparison between groups; “p<.05, #p<.001

et al., 2011 Yasuda et al., 2005), thi-H&-o] MaA ¢ o g5 P& welr] Y8l 41z eRASER
S 48t obd 7Y AA F YERY e 2 o] Hgo]l s Ao7 oA,

A7 A Ao 2 YL 4 S U E A
o FdHA 184 A+=2 AZE AA g Karabulut

2ERME 239 HE ®-F At Bist

et al.(2006)8] AFAAME dukels o2 AF4le]

A T34 299 20%9] == 5HE 2039 53 A Tl gk AAA MgE #Eer] g8 &
d EQ2E T35, 12 ol A A dRAS SH e Fo RN SEH, e B Rk g
ool WE F 7 29 abolrF UEhA] &%ttt o] g S WA Bk (Bompa, 2009). SFgA] AW B ke
& A7 YERd o] ol tisiA = AAE el At Hwd e 32 fA S QAT 4% &5 Al A
ZJE=(1RM 20%) 7} @A A 23 <2 9 1 W al¥2H4 (anaerobic glycolysis) < &3 L= &
AR HgE fEekA k3 Ao® AFsta glem, o = F9s TAA o] 24k e g FEAS 54
g 292 9 Z2AAY H3ks fxsl7] e sl Hth. o= oldA] Ak glojA felsH & s
IRM 20%°]7¢9] =2 FAo] opd Z7]3ke] A 2|7} nEZEgobr} Fi] A F e AR o
dagts At . 28 dFs Yalde - 7F B AY, S e Bl Al HY Fete] 2Al
e et AEx FosA|R, F 2~33] o|ie] A5 o B3l & 7teAlA AW Frhgk gake] SH A dot
olel ATl 65 o4 A&E oo 2A7 WIS B3k (Janssen, 2001). B4 FAH& VOsmax 65%0]4]
of 29 A< 7Id e ¢ glon, ZHgR Qg =Y BEA FA8HA Y] Al&e | Fakadd &%
&g 71Ush] fslM e 2 ode 7)7ke]l A8 H T 2 AT 5 A T 548 7P UEBER
(Moritani & deVries, 1979; Moritani, 1993). 282 (Richardson et al., 1998, Donovan & Brooks, 1983)

R

O
=

22 A7 48T 199 ANE A AN £F A F 52 B A4 WS FAsed 38
AF 29 Aol EpduE 2 AAA 2R fE ¢ AEYE ¢ 4 Ak

3tA 23 AL 2 oAAAAH, 5 Aol E AA ] o] ATl e ERAE AA Al 25 T FAT A
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o7} 9l AR Ve tH(p(.05). 53], RATS
AN 173 £EAH 4 (BFR 90)eA o2 Al 252
Hlwste] BAE Foat e AR UeEgoH
(p€.05), &4 &a AA1e 2% (BFR 90, BFR 300)
AA FFAGS A &S e 1F(non-BFR
90, non-BFR 300)3} ¥ wdte] FAHCZ §23 2}
o7t A& ALeE YENTHp=.032, p=.032). A3
ATl = Aple AFel 20%<] FAZ SHE, KﬂE
T 143) & whEste g adld S AAe A3 &
AE PP Al Ak} vl wsto] 2w o] e = 7‘%’1‘}
(p€.05)0] LEE &= Ao 2 YEPTHTakarada et al.,
2000). E=gF, =91 e kA /AT AAl
Az} YAl e} vl mste] oF 30%°]
I Vet tH(Natsume et al., 2016).
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